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(57) ABSTRACT

A 3D image-capturing method, a 3D camera and a level-
alignment machine for a 3D camera are disclosed. The
method includes the following steps: capturing a left- and a
right-eye image by a left- and a right-eye camera, respec-
tively; comparing the left- and right-eye images to observe
similar columns between the left- and right-eye images; com-
paring the left- and right-eye images once again over the
similar columns to observe similar rows between the left- and
right-eye images; and, referring to the similar columns
between the left- and right-eye images, vertically shifting the
left- and right-eye images to horizontally align the left- and
right-eye images to generate a 3D image.

16 Claims, 8 Drawing Sheets

( 3D Image-Capturing Method )

I 5102

Use a left-eye camera to capture a left-eye image and use a right-eye camera to capture a
right-eye image.

) 5104

Compare the left- and right-eye images to observe similar columns therebetween and thereby
obtain a first-column range in the left-eye image and a second-column range in the right-eye
image which indicate similar columns,

| 8106

Compare the left-eye image within the first-columa range with the right-eye image within the
second-column range to observe similar rows therebetween and thereby obtain a first-row range in
the lefi-eye image and a second-row range in the right-eye image which indicate similar rows.

‘I, ~8108

Vertically shift the left- and right-eye images in accordance with the first-row range obtained in
the left-eye image and the second-row range obtained in the right-eye image to horizontally
align the left- and right-eye images for generation of a 3D image.
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3D IMAGE-CAPTURING METHOD, 3D
CAMERA AND LEVEL-ALIGNMENT
MACHINE FOR 3D CAMERA

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims priority of Taiwan Patent Appli-
cation No. 101108244, filed on Mar. 12, 2012, the entirety of
which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to 3D image-capturing meth-
ods, and in particular relates to the horizontal alignment
between a left-eye image and a right-eye image for forming a
3D image.

2. Description of the Related Art

Generally, two cameras imitating human eyes are required
for the generation of a3D image. However, due to mechanical
errors between cameras, a left-eye image captured by a left-
eye camera may be not horizontally aligned to the corre-
sponding right-eye image captured by a right-eye camera. For
example, an object may be captured at a lower level in the
left-eye image in comparison with the right-eye image (refer-
ring to FIG. 4). The horizontal error between the left- and
right-eye images may result in a poor 3D image. Thus, hori-
zontal alignment between the left- and right-eye images is
required.

BRIEF SUMMARY OF THE INVENTION

A 3D image-capturing method, a 3D image camera and a
level-alignment machine for a 3D camera are disclosed.

A 3D image-capturing method in accordance with an
exemplary embodiment of the invention comprises the fol-
lowing steps: capturing a left-eye image with a left-eye cam-
era and capturing a right-eye image with a right-eye camera;
comparing the left- and right-eye images to observe similar
columns between the left- and right-eye images and thereby
obtaining a first-column range in the left-eye image and a
second-column range in the right-eye image which indicate
similar columns; comparing the left-eye image within the
first-column range with the right-eye image within the sec-
ond-column range to observe similar rows between the left-
and right-eye images and thereby obtaining a first-row range
in the left-eye image and a second-row range in the right-eye
image which indicate similar rows; and, in accordance with
the first-row range obtained in the left-eye image and the
second-row range obtained in the right-eye image, vertically
shifting the left- and right-eye images to horizontally align the
left- and right-eye images to generate a 3D image.

A 3D camera in accordance with an exemplary embodi-
ment of the invention comprises a left-eye camera, a right-eye
camera and a control module. The control module is config-
ured to: control the left- and right-eye cameras to capture a
left-eye image and a right-eye image, respectively; compare
the left- and right-eye images to observe similar columns
between the left- and right-eye images and thereby obtain a
first-column range in the left-eye image and a second-column
range in the right-eye image which indicate similar columns;
compare the left-eye image within the first-column range
with the right-eye image within the second-column range to
observe similar rows between the left- and right-eye images
and thereby obtain a first-row range in the left-eye image and
a second-row range in the right-eye image which indicate
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2

similar rows; and, in accordance with the first-row range
obtained in the left-eye image and the second-row range
obtained in the right-eye image, vertically shift the left- and
right-eye images to horizontally align the left- and right-eye
images to generate a 3D image.

In another exemplary embodiment, a level-alignment
machine for a 3D camera is disclosed. The machine com-
prises a connection seat and a computing unit coupled to the
connection seat. By the connection seat, an image-capturing
module is assembled on the level-alignment machine. The
image-capturing module is operative to capture a left-eye
image and a right-eye image for the generation ofa3D image.
The computing unit is configured to: receive the left- and
right-eye images captured by the image-capturing module;
compare the left- and right-eye images to observe similar
columns between the left- and right-eye images and thereby
obtain a first-column range in the left-eye image and a sec-
ond-column range in the right-eye image which indicate simi-
lar columns; compare the left-eye image within the first-
column range with the right-eye image within the second-
column range to observe similar rows between the left- and
right-eye images and thereby obtain a first-row range in the
left-eye image and a second-row range in the right-eye image
which indicate similar rows; and set a left-eye image vertical
shift parameter and a right-eye image vertical shift parameter
based on the first-row range obtained in the left-eye image
and the second-row range obtained in the right-eye image, to
vertically shift the left- and right-eye images based on the first
and second vertical shift parameters for horizontal alignment
between the left- and right-eye images.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIG. 1 is a flowchart depicting a 3D image-capturing
method in accordance with an exemplary embodiment of the
invention;

FIG. 2 shows a flowchart depicting details of step S104 in
accordance with an exemplary embodiment of the invention;

FIG. 3 shows a flowchart depicting details of step S106 in
accordance with an exemplary embodiment of the invention;

FIG. 4 shows a left-eye image LI and a right-eye image RI
which have not been horizontally aligned, wherein there is a
level difference Ah between the left- and right-eye images LI
and RI;

FIG. 5A shows what the data of the left- and right-eye
images LI and RI are transformed into by steps S202 and
S204,

FIG. 5B shows what the data of FIG. 5A are transformed
into by the shift-and-compare process of step S206;

FIG. 5C is created in accordance with an offset value
indicated in FIG. 5B and corresponds to the lowest value of
similarity score, in which the similar columns between the
left- and right-eye images LI and RI are indicated;

FIG. 6A shows what the data of similar columns (indicated
in FIG. 5C) between the left- and right-eye images L.I and RI
are transformed into by steps S302 and S304;

FIG. 6B shows what the data of FIG. 6A are transformed
into by the shift-and-compare process of step S306;

FIG. 7 shows the horizontally aligned left- and right-eye
images LI' and RI', generated in accordance with the similar
rows observed in the disclosure;
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FIG. 8 depicts a 3D camera 800 in accordance with an
exemplary embodiment of the invention; and

FIG. 9 depicts a level-alignment machine 900 for a 3D
camera, based on an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The following description shows several exemplary
embodiments carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIG. 1 shows a flowchart depicting an image-capturing
method in accordance with an exemplary embodiment of the
invention. In step S102, a left-eye image is captured by a
left-eye camera and a right-eye image is captured by a right-
eye camera. In step S104, the left- and right-eye images are
compared with each other for observation of similar columns
therebetween and thereby a first-column range and a second-
column range are obtained in the left-eye image and the
right-eye image, respectively, to indicate similar columns. In
step S106, the left-eye image within the first-column range is
compared with the right-eye images within the second-col-
umn range for observation of similar rows between the left-
and right-eye images and thereby a first-row range and a
second-row range are obtained in the left- and right-eye
images, respectively, to indicate similar rows. In step S108,
the left- and right-eye images are vertically shifted in accor-
dance with the first-row range obtained in the left-eye image
and the second-row range obtained in the right-eye image to
horizontally align the left- and right-eye images to generate a
3D image.

FIG. 2 shows a flowchart, wherein, in accordance with an
exemplary embodiment of the invention, details of step S104
are shown. In step S202, vertical projections of the left- and
right-eye images captured in step S102 are estimated. In step
S204, a first-order differential operation is provided, and the
vertical projection of the left-eye image and the vertical pro-
jection of the right-eye image are differentiated by the first-
order differential operation, respectively. In step S206, the
first-order differentiated vertical projection of the left-eye
image and the first-order differentiated vertical projection of
the right-eye image are shifted relative to each other step by
step and are compared to each other between every shift for
observation of similar columns between the left- and right-
eye images and thereby a first-column range in the left-eye
image and a second-column range in the right-eye image
which indicate similar columns are obtained. In other exem-
plary embodiments, the first-order differential operation is
not utilized, wherein step S204 is bypassed and the shift-and-
compare process of step S206 is directly performed on the
vertical projections of the left- and right-eye images for
observation of similar columns between the left- and right-
eye images.

FIG. 3 shows a flowchart, wherein, in accordance with an
exemplary embodiment of the invention, details of step S106
are shown. In step S302, ahorizontal projection of the left-eye
image within the first-column range obtained in step S104
and a horizontal projection of the right-eye image within the
second-column range obtained in step S104 are estimated. In
step S304, a first-order differential operation is provided, and
the horizontal projection of the left-eye image and the hori-
zontal projection of the right-eye image are differentiated by
the first-order differential operation, respectively. In step
S306, the first-order differentiated horizontal projection of
the left-eye image and the first-order differentiated horizontal
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4

projection of the right-eye image are shifted relative to each
other step by step and are compared to each other between
every shift for observation of similar rows between the left-
and right-eye images, and thereby a first-row range in the
left-eye image and a second-row range in the right-eye image
which indicate similar rows are obtained. In other exemplary
embodiments, the first-order differential operation is not uti-
lized, wherein step S304 is bypassed and the shift-and-com-
pare process of step S306 is performed directly on the hori-
zontal projection of the left-eye image and the horizontal
projection of the right-eye image for observation of similar
rows between the left- and right-eye images.

Referring to FIGS. 4 to 7, an exemplary embodiment of the
disclosure is discussed in the following paragraphs.

FIG. 4 shows a left-eye image LI and a right-eye image RI
which have not been horizontally aligned, wherein there is a
level difference Ah between the left-eye and right-eye images
LIand RI.

FIG. 5A shows what the data of the left- and right-eye
images LI and RI are transformed into by steps S202 and
S204. In an exemplary embodiment, pixel data are averaged
for each column to estimate a vertical projection of an image.
For example, to calculate a vertical projection value of a first
column, pixel data from the first row to the 480" row of the
first column are accumulated and averaged; similarly, vertical
projection values of other columns are calculated and thereby
avertical projection of an image is estimated. In an exemplary
embodiment, when the first-order differential operation is
performed, a vertical projection value of the (n—-1)"* column
of an image is subtracted from a vertical projection value of
the n” column of the image to show a variation between
adjacent columns. Note that modifications on the vertical
projection estimation and the first-order differential operation
are allowed.

FIG. 5B shows what the data of FIG. 5A are transformed
into by the shift-and-compare process of step S206. In an
exemplary embodiment, the index of the data LI (or RI) of
FIG. 5A is shifted by an offset value and then the index-
shifted data of LI (or RI) is compared to the non-shifted data
RI (or LI) to calculate a similarity score therebetween. In the
embodiment of this figure, a lower similarity score represents
a higher similarity.

By referring to the lowest point of the waveform shown in
FIG. 5B, an offset value corresponding thereto is obtained.
FIG. 5C is created in accordance with the obtained offset
value, in which the similar columns between the left- and
right-eye images LI and RI are indicated.

FIG. 6A shows what the data of similar columns (indicated
in FIG. 5C) between the left- and right-eye images L.I and RI
are transformed into by steps S302 and S304. In an exemplary
embodiment, pixel data are averaged for each row to estimate
the horizontal projection of an image. For example, to calcu-
late the horizontal projection value of a first row, pixel data
from the first column to the 640" column of the first row are
accumulated and averaged; similarly, the horizontal projec-
tion values of other rows are calculated and thereby the hori-
zontal projection of an image is estimated. In an exemplary
embodiment, when the first-order differential operation is
performed, the horizontal projection value of the (n-1)" col-
umn of an image is subtracted from the horizontal projection
value of the n” column of the image to show a variation
between adjacent rows. Note that modifications on the hori-
zontal projection estimation and the first-order differential
operation are allowed.

FIG. 6B shows what the data of FIG. 6A are transformed
into by the shift-and-compare process of step S306. In an
exemplary embodiment, the index of the data LI (or RI) of
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FIG. 6A is shifted by an offset value and then the index-
shifted data of LI (or RI) is compared to the non-shifted data
RI (or LI) to calculate a similarity score therebetween. In the
embodiment of this figure, a lower similarity score represents
a higher similarity. By referring to the lowest similarity score
shown in FIG. 6B, an offset value corresponding thereto is
obtained for observation of the similar rows between the left-
and right-eye images LI and RI.

FIG. 7 shows the horizontally aligned left- and right-eye
images LI' and RI', generated in accordance with the similar
rows observed in the disclosure. Comparing F1G. 4 with FI1G.
7, the left-eye image LI' of FIG. 7 is created by shifting the
left-eye image L1 of FIG. 4 upward by an offset Ah1, and the
right-eye image RI' of FIG. 7 is created by shifting the right-
eye image R1 of FIG. 4 downward by an offset Ah2. The level
difference Ah between the left- and right images [.I and Rl is
compensated for by the vertical shifts Ahl and Ah2. Thus,
horizontal alignment between the left- and right-eye images
is achieved to perfectly generate a 3D image.

FIG. 8 depicts a 3D camera 800 in accordance with an
exemplary embodiment of the invention. The 3D camera 800
comprises a left-eye camera 802, a right-eye camera 804 and
a control module 806. The control module 806 is configured
to: control the left-eye camera 802 to capture a left-eye image
and control the right-eye camera 804 to capture a right-eye
image; compare the left- and right-eye images to observe
similar columns between the left- and right-eye images and
thereby obtain a first-column range in the left-eye image and
a second-column range in the right-eye image which indicate
similar columns; compare the left-eye image within the first-
column range with the right-eye image within the second-
column range to observe similar rows between the left- and
right-eye images and thereby obtain a first-row range in the
left-eye image and a second-row range in the right-eye image
which indicate similar rows; and, in accordance with the
first-row range obtained in the left-eye image and the second-
row range obtained in the right-eye image, vertically shift the
left- and right-eye images to horizontally align the left- and
right-eye images to generate a 3D image.

In the embodiment of FIG. 8, the control module 806
comprises a left-eye camera-control chip 812, a right-eye
camera-control chip 814 and a computing unit 816 connected
with the left-eye and right-eye camera-control chips 812 and
814. The left-eye camera-control chip 812 controls the left-
eye camera 802 to capture a left-eye image. The right-eye
camera-control chip 814 controls the right-eye camera to
capture a right-eye image. The computing unit 816 executes a
software driver 818 to implement the disclosed observation of
the similar columns and similar rows between the left-eye and
right-eye images and the horizontal alignment between the
left- and right-eye images. In other exemplary embodiments,
the control module may be implemented by software or hard-
ware or a software/hardware co-design.

In the 3D camera of FIG. 8, the software driver 818 may
provide a function of 3D image synthesis. In cases wherein
the 3D camera 800 further comprises an image display device
820, the software driver 818 may further drive the image
display device 820 to display the synthesized 3D image.

FIG. 9 depicts a level-alignment machine 900 for a 3D
camera, which comprises: a connection seat 902 and a com-
puting unit 904 coupled to the connection seat 902. An image-
capturing module 906 is assembled to the level-alignment
machine 900 through the connection seat 902. The image-
capturing module 906 is operative to capture a left-eye image
and a right-eye image required in generating a 3D image. The
image-capturing module 906 may include the left-eye camera
802, the right-eye camera 804 and the left- and right-eye
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camera-control chips 812 and 814 shown in FIG. 8. The
computing unit 904 is operative to receive the left- and right-
eye images captured by the image-capturing module 906 to
perform a horizontal alignment mechanism 908 thereupon.
According to the horizontal alignment mechanism 908, the
following steps are performed: comparing the left-eye image
with the right-eye image to observe similar columns between
the left- and right-eye images and thereby a first-column
range in the left-eye image and a second-column range in the
right-eye image are obtained to indicate similar columns;
comparing the left-eye image within the first-column range
with the right-eye image within the second-column range to
observe similar rows between the left- and right-eye images
and thereby a first-row range in the left-eye image and a
second-row range in the right-eye image are obtained to indi-
cate similar rows; and, in accordance with the first-row range
obtained in the left-eye image and the second-row range
obtained in the right-eye image, setting a left-eye image ver-
tical shift parameter and a right-eye image vertical shift
parameter to vertically shift the left- and right-eye images
captured by the image-capturing module 906 accordingly for
horizontal alignment between the left- and right-eye images.
The image-capturing module 906 loaded with the left- and
right-eye image vertical shift parameters may be assembled to
the 3D camera 800 of FIG. 8.
While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.
What is claimed is:
1. A 3D image-capturing method, comprising:
using a left-eye camera to capture a left-eye image and
using a right-eye camera to capture a right-eye image;

comparing the left- and right-eye images to observe similar
columns between the left- and right-eye images and
thereby obtain a first-column range in the left-eye image
and a second-column range in the right-eye image which
indicate similar columns;

comparing the left-eye image within the first-column range

with the right-eye image within the second-column
range to observe similar rows between the left- and
right-eye images and thereby obtain a first-row range in
the left-eye image and a second-row range in the right-
eye image which indicate similar rows; and

vertically shifting the left- and right-eye images in accor-

dance with the first-row range obtained in the left-eye
image and the second-row range obtained in the right-
eye image to horizontally align the left- and right-eye
images to generate a 3D image,

wherein the step of observing the first-column range in the

left-eye image and the second-column range in the right-
eye image further comprises:

estimating vertical projections of the left- and right-eye

images;
differentiating the vertical projections of the left- and right-
eye images to obtain first-order differentiated vertical
projections of the left- and right-eye images; and

shifting the first-order differentiated vertical projections of
the left- and right-eye images relative to each other step
by step with comparisons between each shift and
thereby the first-column range in the left-eye image and
the second-column range in the right-eye image are
obtained.
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2. The 3D image-capturing method as claimed in claim 1, ured to execute a software driver for observation of the
wherein the step of observing the first-row range in the left- first and second-column ranges and the first and second-
eye image and the second-row range in the right-eye image row ranges and for horizontal alignment between the
further comprises: left- and right-eye images.

estimating a horizontal projection for the left-eye image
within the first-column range and a horizontal projection
for the right-eye image within the second-column range;

shifting the horizontal projections of the left- and right-eye
images relative to each other step by step with compari-
sons between each shift, and thereby the first-row range
in the left-eye image and the second-row range in the
right-eye image are obtained.

3. The 3D image-capturing method as claimed in claim 1,

wherein the step of observing the first-row range in the left-
eye image and the second-row range in the right-eye image
further comprises:

estimating a horizontal projection for the left-eye image
within the first-column range and a horizontal projection
for the right-eye image within the second-column range;

differentiating the horizontal projections of the left- and
right-eye images, respectively, to obtain first-order dif-
ferentiated horizontal projections of the left- and right-
eye images; and

shifting the first-order differentiated horizontal projections
of the left- and right-eye images relative to each other
step by step with comparisons between each shift and
thereby the first-row range in the left-eye image and the
second-row range in the right-eye image are obtained.

4. A 3D camera, comprising:

a left-eye camera;

a right-eye camera; and

acontrol module, controlling the left-eye camera to capture
a left-eye image and controlling the right-eye camera to
capture a right-eye image, comparing the left- and right-
eye images to observe similar columns between the left-
and right-eye images and thereby obtain a first-column
range in the left-eye image and a second-column range
in the right-eye image which indicate similar columns,
comparing the left-eye image within the first-column
range with the right-eye image within the second-col-
umn range to observe similar rows between the left- and
right-eye images and thereby obtain a first-row range in
the left-eye image and a second-row range in the right-
eye image which indicate similar rows, and, in accor-
dance with the first-row range obtained in the left-eye
image and the second-row range obtained in the right-
eye image, vertically shifting the left- and right-eye
images to horizontally align the left- and right-eye
images for the generation of a 3D image,

wherein the control module further estimates vertical pro-
jections of the left- and right-eye images, differentiates
the vertical projections of the left- and right-eye images
to obtain first-order differentiated vertical projections of
the left- and right-eye images, and shifts the first-order
differentiated vertical projections of the left- and right-
eye images relative to each other step by step with com-
parisons between each shift and thereby the first-column
range in the left-eye image and the second-column range
in the right-eye image are obtained.

5. The 3D camera as claimed in claim 4, wherein the

control module comprises:

a left-eye camera-control chip, controlling the left-eye
camera to capture the left-eye image;

a right-eye camera-control chip, controlling the right-eye
camera to capture the right-eye image;

a computing unit connected to the left- and right-eye cam-
era-control chips, wherein the computing unit is config-
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6. The 3D camera as claimed in claim 5, wherein the
software driver is further executed for 3D image synthesis.

7.The 3D camera as claimed in claim 6, further comprising
an image display device, wherein the image display device is
driven according to the executed software driver to display the
3D image.

8. A level-alignment machine for a 3D camera, comprising:

a connection seat, by which an image-capturing module is
assembled to the level-alignment machine, wherein the
image-capturing module is operative to capture a left-
eye image and a right-eye image required in generation
of a 3D image;

a computing unit coupled to the connection seat and con-
figured to receive the left- and right-eye images captured
by the image-capturing module, comparing the left- and
right-eye images to observe similar columns between
the left- and right-eye images and thereby obtain a first-
column range in the left-eye image and a second-column
range in the right-eye image which indicate similar col-
umns, comparing the left-eye image within the first-
column range with the right-eye image within the sec-
ond-column range to observe similar rows between the
left- and right-eye images and thereby obtain a first-row
range in the left-eye image and a second-row range in the
right-eye image which indicate similar rows, and setting
a left-eye image vertical shift parameter and a right-eye
image vertical shift parameter based on the first-row
range obtained in the left-eye image and the second-row
range obtained in the right-eye image, to vertically shift
the left- and right-eye images based on the first and
second vertical shift parameters for horizontal align-
ment between the left- and right-eye images,

wherein the computing unit further estimates vertical pro-
jections of the left- and right-eye images, differentiates
the vertical projections of the left- and right-eye images
to obtain first-order differentiated vertical projections of
the left- and right-eye images, and shifts the first-order
differentiated vertical projections of the left- and right-
eye images relative to each other step by step with com-
parisons between each shift and thereby the first-column
range in the left-eye image and the second-column range
in the right-eye image are obtained.

9. A 3D image-capturing method, comprising:

using a left-eye camera to capture a left-eye image and
using a right-eye camera to capture a right-eye image;

comparing the left- and right-eye images to observe similar
columns between the left- and right-eye images and
thereby obtain a first-column range in the left-eye image
and a second-column range in the right-eye image which
indicate similar columns;

comparing the left-eye image within the first-column range
with the right-eye image within the second-column
range to observe similar rows between the left- and
right-eye images and thereby obtain a first-row range in
the left-eye image and a second-row range in the right-
eye image which indicate similar rows; and

vertically shifting the left- and right-eye images in accor-
dance with the first-row range obtained in the left-eye
image and the second-row range obtained in the right-
eye image to horizontally align the left- and right-eye
images to generate a 3D image,
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wherein the step of observing the first-row range in the
left-eye image and the second-row range in the right-eye
image further comprises:
estimating a horizontal projection for the left-eye image
within the first-column range and a horizontal projection
for the right-eye image within the second-column range;

differentiating the horizontal projections of the left- and
right-eye images, respectively, to obtain first-order dif-
ferentiated horizontal projections of the left- and right-
eye images; and

shifting the first-order differentiated horizontal projections

of the left- and right-eye images relative to each other
step by step with comparisons between each shift and
thereby the first-row range in the left-eye image and the
second-row range in the right-eye image are obtained.

10. The 3D image-capturing method as claimed in claim 9,
wherein the step of obtaining the first-column range in the
left-eye image and the second-column range in the right-eye
image further comprises:

estimating vertical projections of the left- and right-eye

images;

shifting the vertical projections of the left- and right-eye

images relative to each other step by step with compari-
sons between each shift and thereby the first-column
range in the left-eye image and the second-column range
in the right-eye image are obtained.

11. The 3D image-capturing method as claimed in claim 9,
wherein the step of observing the first-column range in the
left-eye image and the second-column range in the right-eye
image further comprises:

estimating vertical projections of the left- and right-eye

images;
differentiating the vertical projections of the left- and right-
eye images to obtain first-order differentiated vertical
projections of the left- and right-eye images; and

shifting the first-order differentiated vertical projections of
the left- and right-eye images relative to each other step
by step with comparisons between each shift and
thereby the first-column range in the left-eye image and
the second-column range in the right-eye image are
obtained.

12. A 3D camera, comprising:

a left-eye camera;

a right-eye camera; and

acontrol module, controlling the left-eye camera to capture

a left-eye image and controlling the right-eye camera to
capture a right-eye image, comparing the left- and right-
eye images to observe similar columns between the left-
and right-eye images and thereby obtain a first-column
range in the left-eye image and a second-column range
in the right-eye image which indicate similar columns,
comparing the left-eye image within the first-column
range with the right-eye image within the second-col-
umn range to observe similar rows between the left- and
right-eye images and thereby obtain a first-row range in
the left-eye image and a second-row range in the right-
eye image which indicate similar rows, and, in accor-
dance with the first-row range obtained in the left-eye
image and the second-row range obtained in the right-
eye image, vertically shifting the left- and right-eye
images to horizontally align the left- and right-eye
images for the generation of a 3D image,

wherein the control module further estimates a horizontal

projection for the left-eye image within the first-column
range and a horizontal projection for the right-eye image
within the second-column range, differentiates the hori-
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zontal projections of the left- and right-eye images,
respectively, to obtain first-order differentiated horizon-
tal projections of the left- and right-eye images, and
shifts the first-order differentiated horizontal projections
of the left- and right-eye images relative to each other
step by step with comparisons between each shift and
thereby the first-row range in the left-eye image and the
second-row range in the right-eye image are obtained.

13. The 3D camera as claimed in claim 12, wherein the

control module comprises:

a left-eye camera-control chip, controlling the left-eye
camera to capture the left-eye image;

a right-eye camera-control chip, controlling the right-eye
camera to capture the right-eye image;

a computing unit connected to the left- and right-eye cam-
era-control chips, wherein the computing unit is config-
ured to execute a software driver for observation of the
first and second-column ranges and the first and second-
row ranges and for horizontal alignment between the
left- and right-eye images.

14. The 3D camera as claimed in claim 13, wherein the

software driver is further executed for 3D image synthesis.

15. The 3D camera as claimed in claim 14, further com-

prising an image display device, wherein the image display
device is driven according to the executed software driver to
display the 3D image.

16. A level-alignment machine for a 3D camera, compris-

ing:

a connection seat, by which an image-capturing module is
assembled to the level-alignment machine, wherein the
image-capturing module is operative to capture a left-
eye image and a right-eye image required in generation
of a 3D image;

a computing unit coupled to the connection seat and con-
figured to receive the left- and right-eye images captured
by the image-capturing module, comparing the left- and
right-eye images to observe similar columns between
the left- and right-eye images and thereby obtain a first-
column range in the left-eye image and a second-column
range in the right-eye image which indicate similar col-
umns, comparing the left-eye image within the first-
column range with the right-eye image within the sec-
ond-column range to observe similar rows between the
left- and right-eye images and thereby obtain a first-row
range in the left-eye image and a second-row range in the
right-eye image which indicate similar rows, and setting
a left-eye image vertical shift parameter and a right-eye
image vertical shift parameter based on the first-row
range obtained in the left-eye image and the second-row
range obtained in the right-eye image, to vertically shift
the left- and right-eye images based on the first and
second vertical shift parameters for horizontal align-
ment between the left- and right-eye images,

wherein the computing unit further estimates a horizontal
projection for the left-eye image within the first-column
range and a horizontal projection for the right-eye image
within the second-column range, differentiates the hori-
zontal projections of the left- and right-eye images,
respectively, to obtain first-order differentiated horizon-
tal projections of the left- and right-eye images, and
shifts the first-order differentiated horizontal projections
of the left- and right-eye images relative to each other
step by step with comparisons between each shift and
thereby the first-row range in the left-eye image and the
second-row range in the right-eye image are obtained.
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